Twonovel diketopiperazines namedtryprostatins A and B and a new natural product belonging to the diketopiperazine series, designated as demethoxyfumitremorgin C, together with four known diketopiperazines, fumitremorgin C, 12,13-dihydroxyfumitremorgin C, fumitremorgin B and verruculogen, are new M phase inhibitors of the mammaliancell cycle, which were isolated from the secondary metabolites of Aspergillus fumigatus. The structures of tryprostatins A, B and demethoxyfumitremorgin C were determined mainly by the use of spectroscopic methods especially by detailed analyses of their XHand 13C NMRspectra with the aid of2D NMRtechniques including pulse field gradient heteronuclear multiple-bond correlation (PFG-HMBC)spectroscopy. Their absolute configurations were determined on the basis of the optical rotational values and CDspectra.
verruculogen, are new M phase inhibitors of the mammaliancell cycle, which were isolated from the secondary metabolites of Aspergillus fumigatus. The structures of tryprostatins A, B and demethoxyfumitremorgin C were determined mainly by the use of spectroscopic methods especially by detailed analyses of their XHand 13C NMRspectra with the aid of2D NMRtechniques including pulse field gradient heteronuclear multiple-bond correlation (PFG-HMBC)spectroscopy. Their absolute configurations were determined on the basis of the optical rotational values and CDspectra.
In the course of our screening for new mammaliancell cycle inhibitors, we have previously reported several new compounds such as thiazoline derivatives1}
and acetophthalidin2) as new inhibitors of the mammalian cell cycle. In the continuation, we have recently isolated two novel diketopiperazines named tryprostatins A (1) and B (2)3) and a new natural product belonging to the diketopiperazine series, designated as demethoxyfumitremorgin C (3), as well as fumitremorgin C (4) from the secondary metabolites of Aspergillus fumigatus BM939 (FERM P-15067) together with 12,13-dihydroxyfumitremorgin C (5), fumitremorgin B (6) and verruculogen (7) . These diketopiperazinesprovide new Mphase inhibitors of the mammalian cell cycle. Taxonomy, fermentation, isolation and biological properties of 1~7 were reported in a previouspaper4). Inthis paper, we report the structure elucidation ofthree newnatural products, 1~3, andthe identification ofthe known diketopiperazines, 4~7.
Physico-chemicalProperties of Three New Natural Diketopiperazines Tryprostatins A(1) and B(2) were obtained both as pale yellow crystalline solids havingmelting points 381.2050) and agreed well with its XH and 13C NMR data ( Table 2 ). The UV spectrum of 1 revealed the presence of a 6-O-methylindole chromophore in 1 with the absorption maxima at 227 (e 24540), 270 (5450) and 297 nm (6590)3'5). In the IR spectrum, 1 showed multiple absorption at 1670 and 1655cm"1 (Table 1) , which are typical of amide groups3'5~7). These findings together with the absence of the amide II band near 1550cm"1 in the IR spectrum suggested the presence of diketopiperazine system6'7) in 1.
In Wethen measured the pulse field gradient heteronuclear multiple-bond correlation (PFG-HMBC)spectrum of 1 in order to determine its total structure. In the PFG-HMBC spectrum, the oxygen-bearing sp2 carbon at 3 156.37 (C-6) showed long-range correlations with the benzene protons, 4-H (8 7.34) and 7-H (8 6.83), and the methoxy proton at 8 3.83 in the partial structure A, while the quaternary sp2 carbon at 8 122.30 (C-3a) correlated with the 4-H, 5-H and 7-H protons and the amide 1-H proton at 8 7.88 (see the partial structure A in Fig. 3 ). Therefore, they were assigned respectively to 226 (24950) 282 (9000) 291 (sh, 7450) 3445, 3260, 3050, 2952, 2930, 2880, 2850, 1660, 1655, 1460, 1410, 1140 Table2. 500MHz XH and 125MHz 13C NMR data for 1 and 2 in chloroform-<ia). couplings were observed with 4-H and 7-H, with 9-H, 10-H, and 15-H2, and with 18-H2 and 19-H, respectively, in the WHCOSY. hNOE's and^H couplings were observed with 5-H and 7-H in the difference NOEexperiments and in the^^H COSY, respectively. C-6 (5 156.37) and C-3a (8 122.30) in the partial structure A. Two quaternary sp2 carbons at 8 104.46 and at 8 136.28 were considered to be either C-3 or C-7a in the partial structure A, respectively, according to their longrange correlations both with 4-H and the correlation between the former carbon (8 104.46) and 1-H (Fig. 3) . Eventually, they were assigned respectively to C-3 (8 correlations observed in the PFG-HMBC spectrum, as shown by solid arrows on the partial structure B in Fig.  3 . Similarly, the quaternary carbon at 8 135.25 could be assigned to C-20 in the partial structure C (Fig. 3) , which showed long-range correlations with 18-i72 (^3-40 and 3.46), 2l-H3 (8 1.78) and 22-H3 (8 1.75).
Next, in the PFG-HMBCspectrum, 8-//2 (8 2.91 and 3.63) in the partial structure B showed long-range correlations with C-3 and C-3a in the partial structure A and with a quaternary sp2 carbon at 8 135.ll (C-2) which, in turn, further correlated with 1-H in the partial structure A, as shown in Fig. 4 . Thus the partial structure B could be linked with its C-8 to the C-3 carbon of the partial structure A to form the partial structure D and the quaternary carbon at 8 135.ll could be assigned to C-2 in the partial structure D (Fig. 4) . The methylene protons IS-H2 (8 3.40 and 3.46) in the partial structure C showed long-range correlations with the C-2 (8 135. 1 1 structure D) and IS-H2, as shown in Fig. 4 . Therefore, the partial structure C must be linked at C-2 of the partial structure D and thus the planar structure of 1 was deduced.
Tryprostatin B (2) is also a nitrogen-containing compound and its molecular formula was determined to be The XHNMRspectrum of 2 was very similar to that of 1, but it was characterized by the disappearance of the methoxy proton signal (3 3.83) in 1 and the appearance of characteristic signals due to 1 ,2-disubstituted benzene protons in the 3 7~1.6 region, instead of the signals due to 1,2,4-trisubstituted benzene protons in 1 (Table 2 ). In parallel, the 13G NMRspectrum of 2, analyzed by the DEPTmethod, was also similar to that of 1 and showed the lack of the methoxy (3 55.77) and the oxygen-bearing^2 quaternary carbon (3 1 56.37, C-6) signals in 1, accompanied with the appearance of a new sp2 methine carbon signal (3 121.87, C-6) and the significant changes in the chemical shifts of several sp2 carbons ( Table 2) .
The above observations, coupled with the molecular formula of 2, C21H25N3O2, which is CH2Oless than that of 1, led us to consider that 2 may be a demethoxy derivative of 1. Eventually, its final structure was JUNE 1996 determined by extensive analyses of the XHand 13C NMR spectra (Table 2) with the aid of 'H^H and^-"C COSY's, PFG-HMBCand difference NOEexperiments.
Demethoxyfumitremorgin C (3) was obtained as pale yellow needles and its molecular formula was determined to be C21H23N3O2 by HR-EI-MS (Found m/z 349.1801 (M+), Calcd for C21H23N3O2 349.1799), coupled with its XH and 13C NMRdata (Table 3 ). The UV and IR absorption (Table 1) of 3 suggested, like in the case of 2, that 3 is also a diketopiperazine derivative with an indole chromophore.
The *H NMRspectrum of3 resembled that of4 except for the absence of the methoxy proton signal (5 3.83) in 4 and the presence of signals due to 1,2-disubstituted benzene protons, instead of the signals due to 1,2,4-trisubstituted benzene protons in 4 (Table 3) . From those findings and in view of the molecular formula of 3, C21H23N3O2, which is CH2O less than that of 4, com- THE JOURNAL OF ANTIBIOTICS pound 3 was considered to be a demethoxy derivative of 4. This was further supported by the comparison of 13C NMRspectrum of3 with that of4. The 13C NMR spectrum of 3, analyzed by the DEPTmethod, showed the disappearance of the methoxy (5 55.79) and the oxygen-bearing sp2 quaternary carbon (S 156.54, C-18) signals in 4, the appearance of a new sp2 methine carbon signal (8 122.20, C-18) and the significant changes in the chemical shifts of several sp2 carbons (Table 3) . These were closely similar to the case of 2 and 1 as seen in Table 2 , supporting that 3 is a demethoxy derivative of4. Finally, the planar structure of 3 was confirmed by detailed analyses of its *H and 13C NMRspectra (Table   3 ) with the aid of WHand XH-13C COSY's, PFG-HMBC and difference NOEexperiments.
Stereochemistry of Three New Natural Diketopiperazines
The relative stereochemistry of tryprostatins A (1) and B (2) were determined on the basis of the difference NOEexperiments. In the difference NOEexperiments, irradiation of 12-H (or 9-H) caused the NOEincrease at 9-H (or 12-H) for both 1 and 2. Therefore, the protons, 9-H and 12-H, in both 1 and 2 could be in the ds-rela- (As) for 2, respectively, in the CD spectra in methanol solutions. These were very similar to the CDcharacteristics of deoxybrevianamide E recorded in the literature6), further supporting the 9S, 1 2S configurations of1 and2.
The relative stereochemistry of demethoxyfumitremorgin C (3) was also determined by the difference NOEexperiments. In the difference NOEexperiments, irradiation of 12-H increased intensities of the 3-H and 6-H signals and irradiation of 3-H (or 6-H) caused the NOEincrease at 12-H, indicating that 3-H, 6-H and 12-H in 3 are all in the ds-relations. The absolute configuration of 3 could be determined by comparison of its CD spectrum with that of fumitremorgin C (4). In the CD spectra, 3 and 4 showed Four known diketopiperazines, fumitremorgin C9) (4), 12, 1 3-dihydroxyfumitremorgin C10) (5), fumitremorgin gu~i3)^) an(j verruculogen5) (7), were obtained from
MeOHall as colorless needles respectively having melting points, 246~249°C (4), 163~165°C (5), 216~217°C (6) and 242~244°C (7), and were identified respectively according to their UV, IR, El-or FAB-MS,^and 13C
NMR data and by a comparison of their optical rotational values and/or CD data with those in the literature5'9~1 3).
Discussion
The present work has provided three new natural di- Onthe other hand, 3 was isolated for the first time from a natural source. (singlet), d (doublet), t (triplet) and q (quartet). 2D NMR spectra^H^H and^-^C COSY, PFG-HMQCand PFG-HMBC spectra) were measured on JEOL GSX-500 or a-400 spectrometers by the use of JEOL standard pulse sequences and collected data were processed by JEOLstandard software. Difference NOEspectra were obtained by the use of a JEOL standard pulse sequence with irradiation for 5 seconds.
Diketopiperazines
The diketopiperazines, tryprostatins A (1) and B (2), demethoxyfumitremorgin C (3), fumitremorgin C (4), 12,1 3-dihydroxyfumitremorgin C (5), fumitremorgin B (6) and verruculogen (7), used in the present study were isolated from the fermentation broth of Aspergillus fumigatus BM939 by the combined use of solvent extraction, silica gel columnchromatography, preparative TLCand repeated-preparative HPLCas described in the preceding paper4).
